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® Preparation of urethane prepolymers having low levels of residual toluene diisocyanate. 

© A wiped film evaporation process for reducing the amount of residual toluene diisocyanate in a 

prepolymer reaction product mixture. An inert sweeping gas is added to the evaporation process, preferably after 

first passing through a holdup volume of the prepolymer which has passed through the evaporation zone. 



CM 
< 

CD 
CM 



CM 



UJ 



Xerox Copy Centre 



TO 



»5 



20 



25 



30 



35 



40 



45 



50 



EP 0 420 026 A2 



PREPARATION OF URETHANE PREPOLYMERS HAVING LOW LEVELS OF RESIDUAL TOLUENE 

DHSOCYANATE 

TECHNICAL FIELD 

The present invention relates to a process for removing monomeric diisocyanate from polyurethane 
prepolymers and, more particularly, relates to an evaporative process for such removal. 

BACKGROUND OF THE INVENTION 

Polyurethane prepolymers obtained by reacting an organic diisocyanate with a polyol are commonly 
used in industry to make a aide variety of cellular and non-cellular polyurethane products. In prepanng he 
prepolymer a stoichiometric excess of diisocyanate (i.e.. an equivalent NCO/OH ratio of greater than 2/1) ,s 
generally employed. However, the use of such a relative proportion of the reactants leads to an increase in 
the amount of unreacted diisocyanate in the prepolymer reaction product. This has been found to be 
undesirable because diisocyanate vapors are believed to be toxic to humans and may pose a health hazard 
to workers exposed to high diisocyanate levels over an extended period of time. 

A number of processes have been developed in an effort to reduce the unreacted diisocyanate content 

in polyurethane prepolymers: 

U S 3 183 112 discloses a method for removing unreacted diisocyanate from the reaction mixture of an 
excess of organic diisocyanate with a polyol after reaction has ceased which comprises flowing the reaction 
mixture as a thin film and heating the film at a temperature of 150 C or more while agitating the film of the 
reaction mixture to avoid any quiescence. The apparatus used is a falling film evaporator. It is stated to be 
advantageous to flush the evaporator by pumping a suitable solvent into the bottom thereof to aid in 
removing the isocyanate vapor therefrom. Example 5 shows about 0.02 parts o-dichlorobenzene vapor per 
one part polyisocyanate is pumped into the bottom of the evaporator to flush out the polyisocyanate vapors. 

U S 3 248.372 discloses a method for polymerizing an organic polyisocyanate to form a polymer 
having unreacted-NCO groups wherein a monomeric organic diisocyanate is reacted with a glycol and the 
resulting urethane diisocyanate is heated under alkaline conditions until a polymeric organic polyisocyanate 
soluble in organic solvents conventionally used in making laquers and containing less than about 1 /<- ot the 
monomer in admixture therewith is obtained. The excess organic diisocyanate can be separated from the 
resulting urethane diisocyanate by subjecting the mixture to a vacuum treatment or a single extraction with 

a S °U s" 3.384,624 discloses that monomeric toluene diisocyanate (TDI) is removed from a prepolymer 
composition by reacting the monomeric TDI remaining in the prepolymer with a benzyl alcohol. 

US 3 883 577 discloses a process for producing high molecular weight polyisocyanates using, as 
solvent medium for the reaction between the volatile diisocyanate and hydrogen containing substance, a 
solvent in particular acetonitrile. which as a strong affinity for the high molecular weight polyisocyanate is 
only partially miscible with the aliphatic and/or cycloaliphatic hydrocarbons used as solvent for the 
extraction of unreacted volatile isocyanate. has a low boiling point by virtue of which it is easily d.stillable 
without causing collateral reactions and. finally, may be replaced by the solvents which are normally used in 
applying the high molecular weight polyisocyanates in practice. 

U.S. 4.061.662 discloses a process for removing unreacted TDI from a polyisocyanate by bringing tne 
polyisocyanate into contact with molecular sieves. 

US 4 385 171 discloses that unreacted diisocyanate is removed from the polyurethane prepolymer 
reaction product mixture by co-distillation of the unreacted diisocyanate with a compound which is at least 
partially miscible with the prepolymer and which boils at a temperature greater than than the boiling point ot 

the diisocyanate. _ n . 

US 4 683 279 discloses ur thane link d mixtures of 2,4- and 2,6-toluene dnsocyanates (ULTDI dimers) 
having low m Iting points. After the reaction of TDI with th preselected polyol. exc ss isocyanate may be 
removed from the reaction product by distillation. Example 1 discloses that the product was r covered by 
distilling at 100* C and 0.1 Hg in a wiped film apparatus to r move unreacted toluene diisocyanate. 
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SUMMARY OF THE I NVENTION 
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orepolymer is prepared by reacting an organic po.y^ polyisocyanate. 

S Son process, P™^.^;J^r^^!^ by inC ' eaSin9 *" ^f 9 

As advantages of the addition of the inert 9 a ^ h ! f~° duct is , 0w6 red at a given temperature. 

forC e. the equilibrium level of ^Cpe'lre, The diisocyanate content of the 

«^SSS a^JHSKft- - 9 h a holdup 



»5 DETAILED DESCRIPTION OF THE INVENTION 
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prepolynwa can be acniev*. In Lt s^ng gas . passed hough tn. 

Sair P ^s"^ u rrn, „ ». — . - - — • - 

SuitaW. onjanic diisocanataa * ™ pS»L disocyanat.. maWlane-bM* 

m l^«<he2Aano2.^^..W^W^^P tfisoe^nate. 

P V Tb. pol»es,e, pmyo. *** »' ^"^J^^ 

- sssiSM ~ - ™ - - - - a ^ ^ ^ 

as disclosed in U.S. 4.683.279. or eferably performed by subjecting the crude prepolymer 

The distillation process of the invent* ^^£2^ the organic polyisocyanate and the polyol to 
reaction product mixture derived from *V?*2^i plough the evaporator without an inert 

so distillation in a wiped film evaporator, preferably p^ ^ ^ ^ h ^ 

gas flow. An inert gas. such as rotrogen. helum. ^ a ' r °^ a '° econd s o{ the prepolymer through he 
distillation, preferably in a countercurrent flow and on *^ econa p of the inert gas into the 

eC L. to facilitate removal of the ^ .^^j7JZe to the diisocyanate-containing 
distillation process is such that the rate .of the ,n rt gas m ass ^ d „ socyanate) and less na n 

55 SfSJT-^^ ashighaspract.ca.for 
the vacuum system: 
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00 /iBLjELaai V m« f]Qw rate gas. . < i.ss fe] "{ IV ml) 

°' 06 lmol wt dl-NCOT mass flow rate prepolymer ^mol wt dt-NCOy 

Preferably the ratio of the inert gas mass flow rate to the prepolymer mass flow rate is as follows: 

n , /mol wt oas V mass flow rat? QK < 1 P 0 ! W * ^ S Mrrt ) 

°- 3 lmol wt dl-NCOP mass flow rate prepolymer (mo\ wt dl-NCOyT 

In general, the distillation process is carried out in a conventional manner, the actual conditions being 
dependent upon the diisocyanate being removed, the other components of the distillation mixture and the 
like. (Suitable film-type evaporators, including falling film and wiped film evaporators, are disclosed in Kirk- 
Othmer, Encyclopedia of Chemical Technology , Third Edition^vol. 9, pp. 478-481). Usually, however, the 
distillation temperature Tanges from about 80 C to about 225* C, preferably from about 100*C to about 
160° C. The distillation pressure will typically range from about 0.03 to about 10 mm Hg, with a pressure of 
about 0.5 to about 5 mm Hg being preferred. 

In the most desirable embodiment, the inert gas is first passed through a holdup volume of prepolymer 
that has passed through the evaporation zone. 

The limits on distillation are both temperature and residence time Both can lead to poor product quality 
because of product degradation. Too low a distillation temperature or too high a pressure will leave TDI in 
the prepolymer product. Thus, high temperatures are inherent in distillation. However, heavy materials, i.e. 
oligomers, are formed at higher temperatures. On the other hand, ailophanates are formed when the 
prepolymer reaction mixture is allowed to sit at lower temperatures. (Both ailophanates and oligomers are 
identified by a drop in the % NCO). Thus, simple distillation in which the material sits in the reboiler of the 
column and decomposes or an increase in the temperature of a wiped film evaporator results in lower 
product quality. 

The addition of the inert gas to the distillation lowers the equilibrium concentration of the TDI (increases 
TDI removal) and reduces the boiling temperature of the distillate. 

It has been discovered that the prepolymer will decompose at high temperatures yielding TDI as one of 
the products of the decomposition. Thus, attempts to distill TDI from the polymer reaction product are 
frustrated by making TDI during distillation process. This formation of TDI limits conventional distillation and 
wiped film evaporators in removing TDI. 

The present process balances the need for putting in heat (necessarily at temperatures near the 
decomposition point) to effect a desired separation and the decomposition of the material. (Decomposition 
has two effects, namely decreasing the product quality and generating the very substance to be removed.) 
The use of inert gas allows a lower temperature of distillation at the same level of TDI by reducing the 
equilibrium TDI concentration for a given temperature. Addition of the inert gas also causes an increase in 
the driving force for mass transfer resulting in a shorter residence time. In addition, purging a holdup 
volume of prepolymer which has passed through the distillation zone with an inert gas stream, i.e. post- 
stripping, further removes TDI which may have been formed by the heating of the prepolymer in the 
evaporator. 

The following examples are provided to further illustrate the invention. All parts are by weight unless 
otherwise specified. TDI polyurethane polymer reaction mixtures used in the following examples were 
prepared in conventional fashion according to U.S. 4,683.779 

Example 1 



Runs 1-9 used TDI prepolymer reaction product mixtures differing only in the molecular weight of the 
poiyol used in their preparation. In all the Runs nitrogen was used as the sweeping gas. The distillations 
were preformed using a Pope 2-inch wiped film still. The feed rate was controlled by passing the f ed 
through a capillary tube of the correct size. The feed rates varied slightly with time. The product rates set 
forth in Table 1 are an average ov r the run length (4-26 hours). A n w batch of feed was pr pared for ach 
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Run Thus the initial TDI content varied slightly between the cases with and without inert gas. This variation 
I not Significant since the amount of TD. to be removed is relative.y large and the init.a. remova, down to 3- 

4% is accomplished rapidly with littl difficulty. 
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Prepolymer Mol. Wt. 
N 2 Flow (g/min) 
Pressure (mm Hg) 
Temperature (*C) 
TDI in Feed (wt%) 
TDI in Product (wt%) 
Product Flow Rate (g/hr) 
% NCO Theoretical 
% NCO Out 
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lt can be seen from the data in Table 1 that .or the three prepo.ymers of ^T^jJJ* 

higher TDI concentration in the product. 



Example 2 
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m this Example Runs 10 and 11 show the effectiveness of using nitrogen as a stripping gas to reduce 
metering^mP- Samples were drawn continuously off the discharge of the residue pump. 
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Run 


10 


11 


Polymer Mol. Wt. 
Nitrogen Flow (Ibs/hr) 
Jacket Temp. (*C) 
Evaporator Pres. (mm Hg abs) 
TDI in Feed (wt%) 
TDI in Residue (wt%) 
Feed Rate (Ibs/hr) 


1000 
0 

204 

0.74 
13.7 

0.13 
69.5 


1000 
2.1 
204 
0.74 
13.7 
0.06 
69.5 


Run 


12 


13 


Polymer Mol. Wt. 
Nitrogen Flow (Ibs/hr) 
Jacket Temp. (*C) 
Evaporator Pres. (mm Hg absx) 
TDI in Feed (wt%) 
TDI in Residue (wt%) 
Feed Rate (Ibs/hr) 


1338 
0 
201 
0.66 
5.3 
0.16 
45.0 


1338 
2.0 
201 
0.68 
5.3 
0.08 
49.0 
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Example 3 

ejector system. The jacket was heated using hot oil. 
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Run 


14 


15 


16 


Polymer Mol. Wt. 
Nitrogen Flow (Ibs/hr) 
Jacket Temp. (*C) 
Evaporator Pres. (mm Hg absx) 
TDI in Feed (wt%) 
TDI in Residue (wt%) 
Feed Rate (Ibs/hr) 


540 
0 
180 
0.06 
16.7 
0.36 
52.5 


540 
0 
200 
0.04 
16.7 
0.20 
52.5 


540 
0 

255 
0.04 
16.7 
5.0 
56.3 
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The lowest level of residual TDI was 0.2 wt% in Run 15. The residual TDI level rose dramatically in Run 
16 when the jacket temperature was increased to 255* C. This was believed due to thermal degradation of 
the prepoiym r to form free TDI. 

Example 4 
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Runs 17-20 show the residual TDI levels achieved during wiped film evaporation with a nitrogen 
stripping gas. All runs were made on a Pfaudler wiped film evaporator with an internal condenser. 
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Run 


17 


18 


19 


20 


Polymer Mol. Wt. 
Nitrogen Flow (Ibs/hr) 
Jacket Temp. (*C) 
Evaporator Pres. (mm Hg absx) 
TDI in Feed (wt%) 
TDI in Residue (wt%) 
Feed Rate (Ibs/hr) 


540 

1.6 
160 
1.30 
22.2 
0.06 
55.3 


1000 
2.1 
141 
0.79 
13.7 
0.06 
46.3 


1338 
1.4 
141 
0.60 
8.8 
0.06 
57.6 


2298 
1.5 
161 
0.73 
5.6 
0.02 
50.8 
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Example 5 
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In this experiment Runs 21-23 were performed on a Pfaudler wiped film evaporator with an .ntemal 
condenser. The jacket temperature was controlled using hot oil. The five stage steam ejector system was 
used to reduce the operating pressure. The location for adding the nitrogen stripping gas was vaned .n 

each run. 
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Run 


21 


22 


23 


Polymer Mol. Wt. 


2298 


2298 


2298 


Nitrogen Flow (Ibs/hr) 








To Top Head 


1.6 


0.6 


0 


To Residue Line 


1.4 


1.5 


1.5 


Jacket Temp. (* C) 


142 


142 


142 


Evaporator Pres. (mm Hg absx) 


1.15 


0.90 


0.89 


TDI in Feed (wt%) 


5.6 


5.6 


5.6 


TDI in Residue (wt%) 


0.10 


0.11 


0.07 


Feed Rate (Ibs/hr) 


40.2 


52.9 


50.8 



It can be seen from the data that the addition of the nitrogen stripping 
countercurrent stripping, provided the lowest level of TDI in the product. 



gas to the residue line, i.e. 
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Example 6 
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In this xampl , a ball valve was inserted into the evaporator residue line above the nitrogen inlet of the 
wiped film evaporator us d in Example 6. 
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Run 


24 


25 


Polymer Mol. Wt. 
Nitrogen Flow (Ibs/hr) 
Jacket Temp. (*C) 
Evaporator Pres. (mm Hg absx) 
TD1 in Feed (wt%) 
TDI in Residue (wt%) 
Feed Rate (Ibs/hr) 
Ball Valve Position: 


1338 

3.0 

150 
2.0 
7.2 
0.36 
32 

Fully Open (No Liquid Holdup) 


1338 
3.0 
150 
2.0 
7.2 
0.16 
32 

Partially Closed (Liquid Holdup) 
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It can be seen that a marked improvement in TDI removal was achieved when the ball valve was 
J .. in Run 25 The ball valve provided better mixing of the gas and liquid phases by creating a 

: ^e evaporation run. Samples collected with the ball valve 

Srclcsed showed entrained gas bubbles. These bubbles are indicative of better vapor-hqu.d contact- 

ing and an increased area for mass transfer. 
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STATEMENT OF INDUSTRIAL APPLICATION 
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The present distillation process provides a method for obtaining polyurethane prepolymers containing 
very low levels of residual organic diisocyanate. 
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Claims 

1 In a distillation process for reducing the amount of residual poiyisocyanate in a ^^^^^ 
a ction product mixture in which the prepolymer is prepared by reacting an , ^^^S^SSl 
polyol and the mixture contains residual poiyisocyanate, the .movement which ^ m P" s f ad ^ * 
inert aas to the distillation process such that the ratio of the inert gas mass flow rate to the poiyisocyanate 
coning prepolymer mass flow rate is greater than about 0.06(mol wt inert gas/mo. wt P^«JS* 

2 The process of Claim 1 in which the ratio is .ess than about 1.55(mol wt .nert gaunol wt poiyisocyanate). 

3 The process of Claim 1 in which the inert gas is nitrogen. „,;„»,,«» 
4. The process of Claim 1 in which the organic poiyisocyanate is a toluene dusocyanate .somer or a m.xture 

5 T^ro°c^s S of Claim 1 in which the distillation process is a film-type evaporation process. 
6. The process of Claim 5 which is a wiped film evaporation process. 

7 The process of Claim 1 in which the resulting prepolymer product contams less than about 0.1 wt,. 
T^^SoS^^ the ra«o is from 0.3(mo. wt inert ga.mo. wt po.yisocyanate) to Kmo. wt 

?lHXC^!o«. for reducing the amount of residua, diisocyanate in a po.yure = 
LpofyrneT reaction product mixture in which the prepolymer is prepared by reacting an organic 
5!isoc y ra!e with a po.yo. and the mixture contains residual diisocyanate. the .mprovement which com- 
prises adding a flow of an inert gas to the evaporation process such that 
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n ftfi /rol wt gas "\ 
°- 06 (mol wt oM-NCO; 



, -mi f 1nw rate Qas , < 
< mass flow rate prepolymer 



1.55 



/ mol wt aas \ 
^mol wt dl-NCOj 
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m The orocess of Claim 9 in which the in rt gas is nitrogen. . 

n ^^^nW. of Claim 9 in which th organic diisocyanate is a toluene dusocyanate isomer 

^Z!^^^^^--^^^^^ vaporatJonproc ss. 
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13. The process of Claim 9 in which the resulting prepolymer product contains less than about 0.1 wt% 
residual diisocyanate. 

14. The process of Claim 9 in which the flow of the inert gas is such that 

n * /roi wt gas \ c mass flow rate gas < gas 

\mol wt di-NCO/ mass flow rate prepolymers mol wt dt-NCO 

io 15. The process of Claim 13 in which the inert gas is first passed through a holdup quantity of the 
prepolymer which has passed through the evaporation zone. 

16. In a wiped film evaporation process for reducing the amount of residual toluene diisocyanate (TDI) in a 
polyurethane prepolymer reaction product mixture in which the prepolymer is prepared by reacting an 
isomer of toluene diisocyanate or a mixture of such isomers with a polyol and the reaction product mixture 
is contains residua! toluene diisocyanate, the improvement which comprises adding a flow of nitrogen to the 
evaporation process such that 

0.0097 < m ? ?<; flow rate N? < 0.25 

mass flow rate prepolymer 
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17. The process of Claim 16 in which the nitrogen is first passed through a holdup quantity of the 
prepolymer which has passed through the evaporation zone. 

18. The process of Claim 17 in which the residual toluene diisocyanate is less than about 0.1 wt% of the 
resulting prepolymer product. 

19. The process of Claim 17 in which the flow of nitrogen is such that 

mass flow rate N2 , < 0.16 



0 odft c rcass flow rate M2 , 
u * u ™ ^ mkss flow rate prepolymer 
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